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- A HYBRID ELECTROCHEMICAL ENERGY SOURCE

|

TO ALL WHOM TT MAY CONCERN

BE'iT KNOWN THATbll)nCHARLES J. PATRISSI, (2)”ERICké. DOW,
and (3) MARIA G;‘MEDEIROS, employees of the UnitedJStates‘
eGoVernment citiZenS‘of the Unlted States’of Ametica,‘amd
re51dents reepectlvely of (1) Newport County of Newport State
‘of Rhode Island (2) Barrlngton, County of Brlstol State’ of
Rhode Island, and (3) Brlstol, County of Br;stol, State of Rhodetv
*vIsland, have inwented oertain new and_USeful improvemente
entltled as set'forth ébovenof whicn the following ie a

‘specification:

JEAN—PAUL A. NASSER, Esq.
Reg. No. 53372
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Attorney Docket No. 83879
A HYBRID ELECTROCHEMICAL ENERGY SOURCE
STATEMENT OF GOVERNMENT INTEREST

The invention descfibed herein may be manufactured and used

by or for the Government of the United States of America for

_governmehtal'purposes without the payment’of aﬁy royalties

thereon or’therefore.
CROSS REFERENCE TO OTHER RELATED APPLICATIONS

Not applicablé.

' BACKGROUND OF THE INVENTION
(1) Field of the Invention
The present ihvention relates to electrochemical énergy

sources, and more.speCifically to a hybrid electrochemical

'energy source that combines a lithium/water battery with a

hydrogen/oxygen ﬁowered'fuei.ééli. 
(2) Desériptidn bf the Priof Art

vThere continues to be a néed for enérgy souféeé with athigh
energy densityiﬁ In parfiCular, theie is a neédfo:.high energy

density energy'SOurcesvthat can power unmanhed undersea

‘vehicles. Such energy sources when used to power such vehicles
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“are required to have an energy density greater than 600 Wh kg™t.

- They also need to have long endurance and quiet operatibn;

Additioﬁally,’they must be relétively inexpensive,‘
environmentally friéndly, Safe tovopefate, reuséble, capéble of
a long‘shelf life and not proﬁe fQ spontaneous chemical or
electrochémﬁcal dis¢hafge. |

The_zinc silver oxide (Zn/AgO)/electrochemical‘couple has'

served as a benchmark energy source for undersea applicatiQns."

Because of its low energy density, however, it is not suitable
for unmanned undersea vehiclesywhoSévenergy denSity requirements
are seven times those of the Zn/AgO electrochemical couple.

In an effort to fabricate power sources for unmanned

undersea vehicle with increased energy denéity (over zinc-based

power.sources),‘research has been difectedAtowards aquéous
lithium-based pQwef‘soﬁrCes.AvLithium waterkénd lithium silvef
oxide batteries hgve demonstrated high lithiuﬁ coulombic
efficiehcies at high discharge #ateé.  A‘lodeischarge'rate
lithium waﬁer battery has beeh engineefed having high lifhium 
efficiency during'éxtended\periods of operationv(i;é.-at leasf
one year}df continuous OperétiOnf. »Mﬁéh of the'developmentbof‘
both high dischérgé réte and‘low_discﬁarge’rate équébus lithium
batteries f0cuséd‘onvoptimizing‘the couloﬁbic éfficiency of thé
lithiuﬁ aﬁode byvreducing the'cor£CSion rate. To accémpiish

this, a'specific éleétrolyteléompOSitiOn must be developed for
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each set of operating parameters, such as power, energy density

and cell temperature.

The electrochemical and corrosion reactions during battery

operation of lithium anbde batteries, such as the lithium water

battery, produce hydrogen (H; in gaseogS‘State), Normally the

hydrogen gas is vented as an unwanted byproduct. Venting

hydrogen gas, however, creates unwanted noise in unmanned

undersea vehicles. What is needed is én énergy source thak
utilizes the hydrogen byproduct and by aoing éo'iﬂcreaSes the
coulémbickefficiehcy‘of the iithium anode baftéry and eliminates 
the noisé aésociéted with veﬂting thé'hydrogen}brééulting in‘a

quiet dperation enefgy source with high‘ehergy'density.

SUMMARY OF THE INVENTION
It is a general purpose and objective of the present

invention to establish an electrochemical energy source for use

in an underwater environment that utilizes theihydrogen

- byproduct of ‘a lithium anode battery, such as the lithiﬁm water

battery, and by doing sb‘increases'tﬁe coulombic efficiency of

the lithium anode battery and eliminates thé.noise associated .

‘with venting the“hydrogen, resultihg in a quiet operationkenergy

source with high enérgy'dénéity. 
'This‘objective is accomplished~by combining aflithium‘Water

battéry_with a proton exchange;mémbrane:fuel cell. The reaction
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between the llthlum and water in the battery w1ll generate
electrlcal energy and hydrogen((Hz)vgas.‘ The hydrogen gas will
then beucolleeted ang used as the fuei‘component for the proton
exehange menbrane fuelvceil. The resultlng hybrld
electrochemlcal energyrsource has a low current den31ty, long
endurance, and a higher energyndensity for the entire‘system

over the sum of‘its individual components.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the invention and many of -
the attendanf‘advantages‘thereto will be readily’appreciated as

the same becomes better understood by reference to the following

'detailed deseription when COnsidered in conjunction with the

accompanylng draw1ngs whereln

FIG. 1 is a block dlagram of the apparatus hybrld

-electrochemlcal energy source;

DESCRIPTION OF THE PREFERRED EMBODIMENT
A thrid power source is defined as ™... comblnatlons of
multiple energy sterage and:cenVersien‘technologies 1nto an
integrated\powerlsystem that prevides optimai energy-effigiency'
and;appropriate operatingiparameters over'a broad range of poner

levels.” Referring now to FIG. 1 there is'illustrated a‘diagram

of the hybrid electrochemical energy source 10 cempOSed of a
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lithium water battery 12-and a proton exchange membrane fuel

!

~cell 14. The battery 12 is joined to an‘electrolyte reseryoir

18. In alternate embodiments, the reservoir 18 could actually

be the seawater surrounding an underwater vehicle containing the

' present invention. In the preferred embodiment,~the reservoir

contains an aqueous solution conposed of potasslumuhydroxideh
(KOH) , methanol and lithium hydroxide (LiOH).' The'battery 12 is
also joined to a water reservoir 22 that can‘replenlsh the‘uater
as.it is consumed.via reactionywithhlithium; In thepreferred
embodiment, sensors 24 and control equipment 26 such asfpumps

are used to maintain the proper water level during operation.-

The battery 12 has a gas transfer means thatyaccumulates and

J

feeds the hydrogen gasibyproduct‘to the fuel cell 14. In the
preferred embodiment, a hose 16a is connected to the battery 12.
Thebhydrogen gas ventS‘through the hose to an accumulation tank

16 that collects the hydrogen gas untll 1t is needed by the fuel

. cell 14. Another hose, 16b 1s connected from the accumulatlon

tank 16 to the fuel cell 14 to feed the hydrogen gas to the fuel
cell 14. A regulator 28 1n the fuel cell 14 malntalns hydrogen
gas pressure. In the preferred embodlment the fuel cell 14

l

will also requlre oxygen as a fuel component. An oxygen source

.20 is therefore attached to the fuel cell to feed it‘oxygen. In

the preferred embodlment the oxygen source 20 1s an oxygen

'

‘containing spec1es such as hydrogen perox1de (Hﬁb) " however it
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“is not limited as such:andFCOuld also be’pressurized oxygen gas -

(Oﬁ
The electrochemical reactlons in the lithium water battery

12 are shown in Equations 1-3:

= 3.04 V (1)
Cathode: 2H,0 + 2e” -> Hp(g) + 200" . E° = =0.83 V (2)
Overall: 2L + 2H,0 -> Hp(g) + 20H + 2Li* E° =

2.21 Vv (3)
During the'electrochemical production of electricity; the

battery produces hydrogen gas (Hz) as shown in equation'(B).

7 thhium water batteries are de51gned for long duration

applications at low power. In a preferred embodiment, the

lithium water battery 12'deliversya specific energy of 1800 to

2400 Wh per kg of lithium. The‘lithium water battery 12 uses an

agueous electrolyte 18»composed of potassium hydroxide (KOH) ,

: methanol and lithium hydroxide (LiOH) asiillustrated in FIG}‘l.

- The electrolyte 18 minimizes the corros1on reaction between the

llthlum and the water as 1llustrated 1n”Equatlon 4 below
Corrosion: o 2Li + 2H,0 -> Hz(g) + 20H + 2Li* | - (4)
Since both corrosion and the produCtion of ‘electrochemical

energy produce the hydroxide ion‘(QHf)and hydrogen gas, it is
critical to the battery performance to control the:electrolyte
concentration of the hydroxide ion and thereby miniﬁizeh

corrosion.’ Hydrogen gas and the hydrox1de ion are produced in a

1:1 molar ratio. 'So,-the increase in the hydrOXide ion 1n the
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lithium‘Water battery 12 can be determined by measuring hydrogen

gas with a mass flow meter 30.- To keeptthe‘hydroxide ion within

~normal limits for the current density expected, two'valves'SZa,

32b, and a pump 34 would be required. A determination of

‘hydroxide ion concentration in real time‘weuld'be based on the
. starting concentration7plus the amount produced by corrosion'and

4electriCity. 'To lower the hydroxide ion concentratioh, the two

valves 32a and 32b would open and the control equipment 26 would

add water while the pump 34 forces out lithium hydroxide into a

holding tank 36.  Pumping duration would control the amcunt of

water neceéséry_to reduce the hydrogide ioneto*the.required
Concentretion range. Siﬁple calculetiens (i.e; eonve:ting
hydrogen te hy&texide ien eohcentfation) end pump cohtrol,could
be perfotmed'with the’UUV‘enbeard.coﬁputer (not eheWn)._

Although corrosion‘of the‘lithium does produce hydrogen,iit

is undesirable because it consumes lithium and produces no

electrochemical,energy, theteby“reaucing the bvefail cOuiombic
efficiency of the energy soureei

Vin the-preferred embodiment, the fuel’cell 14 is‘designed
to deliver from 1 kWUto 1 MW poWered‘by hydtogen (Hp) and‘oxygen
(0z) regulated at 30 psig. The fuei'eell 14 iskCapable of

ol

functioning at low temperatures, which is necessary for

underwater vehicle applications. The fuel cell 14 is designed

to work simultaneously with the battery 12 or independently.
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Before use, the lithium'watér battery is’stored’dry (under

argon) . ThérefOre, it contains nothing that .is réactive tqwards

lithium so it can be transported ‘and stored using procedures

normally used in the art by the producers of-lithium and lithium

" batteries.

The advantages of the present inventionvover the prior art

are the increase in energy density and the increase in quiet

-operation.. Generatingfelectricity from excess hydrogen produced

by the lithium water battery Significantly increases the

specific,capacity oflthe lithium anode. Hydrogen gas is

generated when lithium reébts with water electrochemically and

parasitically as ekpressedbabove. iSince’hydrdgen production is

inevitable, the practical specific capacity of the hybrid

~electrochemical energy source is two times higher than a lithium
‘ . ’ B ) .

water battery alone. ConsUming the hydfogen gas rather than

venting it eliminates the noise involved with the venting

- process allowing much quietef operation of the energy source for

use in underwater vehicles where stealth is required. This
invention is environmentally friendly in that the present
invention is intended for use in underwater vehicles and must

remain neutrally buoyaht therefore there is'nQ discharge of it’s

.contents into the surroﬁnding'seawater. The hybrid electrical

energy ‘source of this invention has a low curfent~density, loﬁg




10

11

12

- 13

endurance, and a higher enérgy density £6r the entire system

over the sum of its individual components.

Obviously man§ modifications and variations df thekpresent
inventien may become appareht in light‘ef the abeveiteachings.
Fef‘eiample the exact composition ofethe electrolyte will beee
funétieﬂ of the specific_epereting'requirements of'the perr
source, sﬁch as poWef) tempefature, and‘enefgy density.k In
addition, it is likely thateeomboueds ether than those specified
above will be‘ueedbfo'minimizevlithium'corrosion and increase
the energy density of the hybrid-electrochemicalvenergy'seurce.'

'In/light_of‘the above,.it is‘therefore ﬁnderstood‘that
wifhin the scepe of the appended claihs;tﬂe inveﬁtion ﬁay be .

practiced otherwise than as specifically described.

~
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Attorney Docket No. 83879
A HYBRID ELECTROCHEMICAL ENERGY SOURCE
ABSTRACT OF THE DISCLOSURE -

A hybrid’electrochemical energy source that combines a .

Jlithium/water battery with a hydrogen/oxygen poweréd fuel cell.

The reactidn’between.lithium and water in the battery generates
.eléctriéity énd hydrogen.',Ratherlfhan'vent the hydrogen and
diScard'it,_tﬁe generated hydrogen is Coilected and then used as
fuél forjfhe hydrogen/okygen~fuel cell,vresultihg inﬂa quiet

opération energy source with high enérgy density,',
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